. Role of strain differences on host resistance and the transcriptional response of macrophages to infection with Yersinia enterocolitica.
DURING BACTERIAL INFECTIONS, the interplay between virulence factors of the pathogen and defense factors of the host determines whether the infection remains unapparent or results in clinical disease. Factors determining bacterial pathogenicity are often proteins acting as virulence factors. As one wellcharacterized example, Yersinia enterocolitica injects anti-host effector proteins (Yersinia outer proteins; Yops) into professional phagocytes via a type III protein secretion/translocation system (TTSS) (15, 16) . Both the TTSS and Yops are encoded by a 70-kb virulence plasmid (pYV) that is common to all pathogenic Yersinia species. The six established effector proteins interfere with distinct signaling pathways resulting in paralysis of phagocyte function. YopP blocks the nuclear factor-B (NF-B) and mitogen-activated protein kinase (MAPK) pathways and thus inhibits the production of proinflammatory cytokines and adhesion molecules (45, 46) . YopP also induces programmed cell death in macrophages (47, 49) . YopE, YopT, and YopO interfere with the actin cytoskeleton dynamics of the host cell through modulating the GTPases Rac and Rho, resulting in disruption of the actin cytoskeleton and impaired phagocytosis (1, 2) . YopH is a tyrosine phosphatase that dephosphorylates focal adhesion complex proteins like FAK and p130Cas (24) . The function of YopM is enigmatic to date.
In contrast to these well-characterized bacterial virulence factors, much less is known about host factors determining resistance or susceptibility against bacterial infections. However, different inbred mouse strains differ remarkably in susceptibility against Yersinia infection, with 50% lethal doses (LD 50 ) of resistant strains (e.g., C57BL/6) being 100-to 1,000-fold higher after intravenous (iv) infection compared with susceptible strains (e.g., BALB/c) (5, 25) . This difference in susceptibility seems to be under multigenic control and is not linked to the murine major histocompatibility complex (MHC) locus H-2 (26) . This locus encodes proteins that present antigen-derived peptides to T cells, and BALB/c MHC molecules present different peptides than C57BL/6 MHC molecules. Thus the differences in presented antigenic peptides are not responsible for differences in susceptibility.
An important role in the control of systemic Yersinia infection has been attributed to an early induction of interferon (IFN)-␥ (5) or interleukin (IL)-12 (7) in resistant C57BL/6 mice: intravenous administration of IFN-␥ to BALB/c mice induces resistance comparable with that of C57BL/6 mice, and administration of IFN-␥-specific antibodies renders C57BL/6 mice susceptible (5) . Similarly, systemic administration of IL-12 protects BALB/c mice against Y. enterocolitica challenge (7) . However, how exactly this intricate cytokine network acts to mediate antibacterial resistance remains to be determined.
On the basis of these studies, it seems plausible that host factors critically influence the outcome of a host-pathogen encounter. Here, we determine the impact of 1) host genetic background (susceptible BALB/c vs. resistant C57BL/6) and 2) IFN-␥ (as one example of a resistance-inducing cytokine) on the transcriptional responses of bone marrow-derived macrophages (BMDM) to Y. enterocolitica infection.
MATERIALS AND METHODS
Experimental setup. To identify the impact of host factors on the transcriptome of BMDM after Y. enterocolitica infection, high-density oligonucleotide arrays were hybridized with RNA derived from three distinct experiments: 1) BALB/c BMDM infected with Y. enterocolitica (mimicking a susceptible situation in vivo), 2) BALB/c BMDM prestimulated with IFN-␥ and infected with Y. enterocolitica (mimicking a resistant situation in vivo), and 3) C57BL/6 BMDM infected with Y. enterocolitica (mimicking a resistant situation in vivo). An additional set of arrays was prepared from C67BL/6 BMDM stimulated with IFN-␥ and infected with Y. enterocolitica. Notably, all experiments were performed from three to four independent RNA preparations from independent cultures of bone marrow cells (biological replicates). Thus we can define five parameters impacting the gene expression profiles obtained: presence or absence of IFN-␥, presence or absence of bacteria, bacterial strain employed for infections in vitro [control strain WA(pTTS, pP60) or virulent strain WA(pYV)], genetic background of BMDM (BALB/c or C57BL/6), and experimental replicate (1 through 4).
Generation and infection of BMDM. These studies have been reviewed and approved by the institutional review committee. BMDM were generated by standard procedures. Briefly, C57BL/6 and BALB/c mice (Charles River Laboratories) were killed by CO 2 asphyxiation, and femurs were removed using aseptic technique. Bone marrow cells were isolated by flushing femurs with DMEM-10% FCS. All subsequent steps were performed in DMEM-10% FCS supplemented with 10% L cell-conditioned medium. Adherent cells were removed by overnight attachment to tissue culture plates. Nonadherent cells were differentiated into bone marrow macrophages for 8 days with a single media change at day 5. The resulting cell population was Ͼ90% M1/70 (␣-CD11b) positive by fluorescenceactivated cell sorting (FACS) (not shown).
Infection with Y. enterocolitica was performed essentially as described earlier (30) . The following Yersinia strains were used (52). 1) Strain WA(pYV) is a serotype O:8 wild-type strain carrying the virulence plasmid and translocating all effector proteins (Yops) (29) . 2) Strain WA(pTTS, pP60) is a derivative of WA(pYV) engineered in our lab (52) , carrying the 25-kb fragment of the pYV plasmid coding for the TTSS on one plasmid (pTTS), plus a second plasmid encoding a translational fusion between amino acids 1 and 138 of Y. enterocolitica YopE with an inactive form of Listeria monocytogenes p60 murein hydrolase. This strain has been demonstrated to translocate an intracellularly inactive protein into the host cell (30) and thus serves as a control for Yop effects.
Stationary overnight bacterial cultures grown at 27°C were diluted 1:10 in fresh LB medium and incubated for 2 h at 37°C to induce expression of virulence factors. Macrophages were infected at a multiplicity of infection (MOI) of 50:1, and bacteria were spun onto the cell monolayer at 350 g for 5 min. Adherence of bacteria and translocation of Yops into the cytoplasm of host cells result in characteristic morphological changes (phagocytosis of bacteria, rounding and detachment of cells from the culture dish surface), and it was determined microscopically that this interaction took place in every experiment. After 60 min, gentamicin was added to a final concentration of 150 g/ml, and RNA was isolated as indicated 3 h postinfection with TRIzol RNA isolation reagent.
RNA labeling, array hybridization, and statistical analysis. Total cellular RNA was labeled and hybridized to Affymetrix MOE430A arrays (interrogating 22,690 transcripts) as recommended by the manufacturer. All experiments were performed in triplicate. Raw fluorescence intensity files were generated with Affymetrix MicroarraySuite v.5 software. Arrays were normalized, and model-based expression values were calculated, according to the methods of Li and Wong (34, 35) . Differentially expressed genes were identified by the permutation-based method of Tusher et al. (53) . Briefly, to control for multiple testing, a false discovery rate (FDR) (6) was calculated as the percentage of genes falsely detected as differentially expressed among all genes detected as differentially expressed. The q value is the lowest FDR at which the gene is called significant. Significant genes were identified at the most stringent q value possible. Cluster analysis of differentially expressed genes was performed according to Eisen et al. (19) , using an uncentered Pearson correlation as similarity metric on z score-transformed gene expression values and average linkage clustering. Functional annotations were performed using Gene Ontology (4) as implemented in the NetAffx (36) database. Groups of coexpressed genes were tested for overrepresentation of functional categories using a hypergeometric distribution analysis. The entire list of differentially expressed genes is available as Supplemental Real-time RT-PCR. For independent confirmation of gene expression results obtained with oligonucleotide microarrays, total cellular RNA was isolated at indicated time points postinfection as described above. RNA preparations for RT-PCR were independent from those used for array hybridizations. After random hexamer-primed firststrand cDNA synthesis (Superscript II, Invitrogen), real-time PCR was performed in an ABI PRISM 7000 Sequence Detection system (Applied Biosystems) using an initial denaturation at 95°C for 10 min followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. Primers and fluorescent probes were designed using Primer3 software (http:// www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi) or taken from the Mouse ProbeLibrary kit (Exiqon, Vedbaek, Denmark). Sequences or probe numbers are listed in Table 1 . Gene expression levels were recorded relative to the HPRT housekeeping control as E ϭ 2 Ϫ⌬CT (where E ϭ gene expression value and ⌬CT ϭ difference in crossing points between HPRT and genes) (30) . All PCR experiments were performed from at least two independent experiments, and standard deviations from duplicate runs were calculated and displayed as error bars. For graphical display, the maximum gene expression value in every graph was given an arbitrary value of 10, and the remaining values and standard deviations were scaled accordingly, graphwise.
Promoter analysis. For analysis of conserved transcription factorbinding sites in promoters of coexpressed genes, 2 kb of genomic sequence upstream from the transcriptional start site were extracted from Ensembl (http://www.ensembl.org/). In cases where two or more alternatively spliced transcripts were linked to the same Affymetrix probe set identifier, the transcript with the most 5Ј transcriptional start site was used. Conserved transcription factor-binding sites and common frameworks were identified with MatInspector and FrameWorker software from Genomatix (Munich, Germany) (13). 1 The Supplemental Material for this article (Supplemental Tables S1 and  S2) 
Measurement of apoptosis.
Strain WA(pTTS, pYopP) (52) has been described. After infection at an MOI of 50:1, BMDM were detached from the culture dish surface by treatment with dispase II (Roche Applied Science) according to manufacturer's recommendations. Apoptosis was measured at 5 h with annexin V-FITC and propidium iodide (BD Biosciences Pharmingen) or FITC-VAD-FMK in situ marker (Promega) according to manufacturer's recommendations. Fluorescence intensities were quantified on a Coulter EpicsXL flow cytometer.
RESULTS AND DISCUSSION
Impact of experimental variables on the transcriptome of BMDM. To identify which of our experimental parameters (presence or absence of IFN-␥, presence or absence of bacteria, bacterial strain employed for infections in vitro, genetic background of BMDM, or experimental replicate) had the greatest impact on the transcriptome of BMDM, we performed an unsupervised hierarchical cluster analysis over the complete set of 22,690 genes from all 37 arrays employed in this study (Fig.  1) . Presence or absence of IFN-␥ partitioned all samples into two distinct groups (dark red bar, without, and light red, with IFN-␥). Within these two groups, presence of bacteria partitioned the samples into distinct groups (dark blue bars, without, and light blue, with bacterial infection). Within these groups, genetic background partitioned the samples into distinct groups (dark yellow bars, BALB/c, and light yellow, C57BL/6). Thus presence or absence of IFN-␥ has the highest impact on BMDM transcriptomes, followed by presence or absence of bacterial infection, followed by genetic background. The two bacterial strains employed [virulent strain WA(pYV) and control strain WA(pTTS, pP60)] could not be clearly distinguished, indicating that the transcriptional responses elicited by the two strains in BMDM are similar.
Transcriptional responses of BMDM to Y. enterocolitica infection. Figure 2 shows a hierarchical cluster diagram of 597 genes that were detected as differentially expressed in C57BL/6 BMDM after infection with either WA(pTTS, pP60) or WA(pYV) at an FDR of 1.05% (see MATERIALS AND METHODS and legend to Fig. 2 for details of the graphical depiction). Four major groups of genes could be discerned in ), signal transduction (P ϭ 2.19 ϫ 10 Ϫ4 ), and inhibition of apoptosis (P ϭ 2.15 ϫ 10 Ϫ3 ). The fact that so many immune response genes were induced by both Yersinia strains is surprising, since we have shown earlier that in J774 macrophage-like cells, induction of such genes was inhibited by YopP of strain WA(pYV) (30) . Thus BMDM macrophages were, on the transcriptional level, more resistant to action of YopP than J774 macrophage-like cells.
We hypothesized that, if BMDM are resistant to the action of YopP on gene transcription, this could translate into resistance against induction of apoptosis. Consistently, infection of BALB/c or C57BL/6 BMDM with strain WA(pTTS, pYopP), which translocates only YopP and induces apoptosis in J774 cells, does not result in increased annexin V staining compared with strain WA(pTTS, pP60) (Fig. 3) . Similar results were obtained using a fluorescent marker for activated caspase 3 (FITC-VADFMK) or on comparing strain WA(pYV) with an isogenic YopP deletion strain WA(pYV⌬YopP) (data not shown). Thus YopP does not induce apoptosis in BMDM.
The reasons for this resistance against YopP remain to be determined. It has recently been shown that signaling via Toll-like receptor (TLR)4 and Toll/IL-1 receptor domain-containing adaptor-inducing IFN-␤ (TRIF) is necessary to induce apoptosis in macrophages (48) . Thus TLR4 signaling via TRIF may not be fully functional in BMDM. Interestingly, studies with human cells show that ex vivo-isolated monocytes are also resistant against YopP-induced apoptosis, whereas monocyte-derived macrophages are susceptible (K. Ruckdeschel, personal communication). It might thus be that BMDM are more immature than J774 cells, and thus more resistant against apoptosis.
Interestingly, it seems that BALB/c BMDM are less susceptible to induction of apoptosis than are C57BL/6 BMDM (compare annexin V staining intensity between Fig. 3, left and  right) , irrespective of the bacterial strain. Consistently, the group of Yersinia-induced and pYV-resistant genes in C57BL/6 BMDM (group A in Fig. 2 ), but not the corresponding group in BALB/c BMDM, is significantly (P Ͻ 0.01) enriched for genes of GO categories "cell death" and "apoptosis." This may indicate that BALB/c BMDM are generally less responsive to bacterial stimuli than are C57BL/6 BMDM (see below) and thus exhibit a lower amount of apoptosis.
Group B in Fig. 2 contains a smaller number of genes (n ϭ 40) whose induction in response to Yersinia infection could be inhibited by virulent strain WA(pYV). The functions of genes from group B are similar to those from group A, and several members of this group encode potentially important antimicrobial effectors. For example, myosin X is recruited to phagocytic cups and links phosphatidylinositol 3-kinase signaling to pseudopod extension during phagocytosis (17) . Tnfrsf12a, also known as fn14 or tweakr, encodes a cell surface receptor that mediates proinflammatory effects [IL-8 and granulocyte/macrophage colony-stimulating factor (GM-CSF) production, upregulation of intercellular adhesion molecule (ICAM)-1 and E-selectin] in human epithelial and endothelial cells (27, 55) . Bsf4 encodes a cytokine of the IL-6 family that has been shown to increase B cell numbers as well as IgG and IgM levels when administered in vivo (51) .
Group C [4 genes induced by virulent strain WA(pYV) but not by control strain WA(pTTS, pP60)] contains genes of unknown functions. Group D in Fig. 2 (382 genes suppressed by either strain) contains genes involved in ribosome structure (P ϭ 1.5 ϫ 10 Ϫ5 ), mitochondrial function (P ϭ 1 ϫ 10 Ϫ6 ), regulation of transcription (P ϭ 9.6 ϫ 10 Ϫ4 ), or metabolism (P ϭ 1.4 ϫ 10 Ϫ3 ). Thus Yersinia infection suppressed expression of genes with general cellular and metabolic functions and induced expression of immune response genes. The latter effect was only partially inhibited by action of Yops.
Although fewer genes could be detected as differentially expressed in BALB/c BMDM in response to Y. enterocolitica infection, the overall pattern of gene expression was similar to that in C57BL/6 macrophages (data not shown). The group of genes induced only by virulent strain WA(pYV) (group C in Fig. 2 ) in BALB/c BMDM (8 genes), however, contained several genes with known inactivating functions. klf4 inhibits expression of CD11d and thus efficiently inhibits neutrophil attachment and migration to sites of infection (41) . vav3 overexpression perturbs cytokinesis and leads to the appearance of multinucleated cells (22) . yy1 is a pleiotropic transcription factor that may inhibit IFN-␤ signaling (54) , suppresses the transactivation activity of Notch (56) , and inhibits transcription from sterol-regulatory element-binding protein response genes (20) . We thus suggest that translocation of Yops may inhibit immune responses in BMDM from susceptible BALB/c, but not from resistant C57BL/6, mice by induction of silencing genes. We have recently demonstrated a similar effect in BALB/c-derived J774 macrophages (30) .
To independently confirm these array-based gene expression data, we performed real-time quantitative PCR (RT-qPCR) for representative genes from the most important groups in Fig. 2 : two genes induced by the action of Yops (figf, spred2), one gene whose induction by strain WA(pTTS, pP60) can be inhibited by action of Yops (ilrn), and one gene whose induction by strain WA(pTTS,pP60) cannot be inhibited by the action of Yops (ccl9). As shown in Fig. 4 , the overall expression pattern could be confirmed for every gene. There were, however, some minor differences in the extent of increase or decrease of mRNA levels between RT-qPCR and array data. Ilrn appeared slightly more suppressed by translocation of virulence proteins in the RT-qPCR assay than in the array data (Fig. 4C) , and the array measured slightly higher baseline mRNA expression levels for ccl9 in C57BL/6 BMDM than the RT-qPCR (Fig. 4D) . Because RNA samples for RTqPCR were prepared independently from those used for array analysis, these differences may represent experimental variations.
Ccl9 mRNA could be confirmed to be induced despite the action of Yops in both C57BL/6 (Fig. 4D) and BALB/c (Fig.   Fig. 4 . 4E) BMDM. To exclude that this Yop resistance was a timedependent effect, we performed a time course analysis of ccl9 expression in BALB/c and C57BL/6 BMDM up to 4 h postinfection. Figure 5 shows that Yops from strain WA(pYV) did not significantly inhibit ccl9 mRNA expression at any time point in BMDM from both genetic backgrounds. We cannot formally exclude, however, that other genes from group A in Fig. 2 
behave differently.
Several earlier studies evaluated the impact of Yersinia infection on the transcriptome of immortalized epithelial (9) and macrophage (30, 50) cell lines. One of the major differences is the degree of Yop resistance of many proinflammatory genes. While in J774 macrophages, most immune response genes are suppressed by the action of Yops (30), PU5-1.8 macrophages are slightly more similar to BMDM, since almost twice as many genes are Yop resistant than are Yop susceptible in this cell line (50) .
Impact of IFN-␥ on the transcriptional response of BALB/c BMDM to Y. enterocolitica infection.
Because BALB/c mice can be rendered resistant against Y. enterocolitica infection by systemic administration of IFN-␥, we wondered how IFN-␥ would modify the transcriptional response of BALB/c BMDM to Yersinia infection. We thus treated BMDM from BALB/c mice with 50 U/ml IFN-␥ overnight, infected with Y. enterocolitica as described above, and compared gene expression patterns with those of cells not treated with IFN-␥. A number of genes with presumed inactivating functions (klf4, vav3, and yy1) are induced only by Yop-translocating Yersiniae in BALB/c BMDM (see above). It could be expected that IFN-␥ pretreatment would inhibit expression of these genes. In fact, IFN-␥ abolishes the ability of Yop-translocating strain WA(pYV) to induce vav3 and yy1, but not klf4, mRNA expression (not shown).
Group C contains 14 genes (1.2% of all genes from Fig. 6 ) that were induced in BALB/c BMDM in response to Y. enterocolitica infection only after IFN-␥ pretreatment (enlarged display in Fig. 6, bottom) . Induction of some of these genes can be inhibited by Yops only in IFN-␥-naive cells. Genes involved in inhibition of apoptosis (P ϭ 0.01), chemotaxis (P ϭ 0.0028), or cytoskeleton organization (P ϭ 0.028) occurred significantly more often in group C than would be expected by chance.
Many of these genes induced in response to Yersinia infection only after IFN-␥ pretreatment qualify as mediators of Yersinia resistance in vivo. For example, both cflar (also known as flip or casper) and bcl2a1a (also known as A1) are antiapoptotic genes. Cflar also promotes activation of NF-B and Erk signaling pathways (32) and thus may be involved in regulating other immune response genes. The chemotaxin G1p2 may attract neutrophils to the site of infection (43) . Palm has been implicated in plasma membrane dynamics and cell process formation of neurons (33) , so it may be involved in regulating macrophage migration or phagocytosis.
To evaluate whether there was a common regulatory mechanism underlying coordinated expression of these 14 genes, we analyzed 2 kb of upstream genomic sequence for occurrence of common transcription factor-binding sites. We could identify 12 unique promoters (2 probe sets aligned multiple times to the mouse genome sequence). These 12 promoters have a total of 50 transcription factor-binding sites in common (not shown). To restrict this large set of putatively involved transcription factors, we evaluated whether some of these binding sites would occur in characteristic patterns in the majority of the 12 promoter sequences. Ten of twelve (83%) promoters examined contained a module comprised of one binding site for homeodomain (HOX) transcription factors on the plus strand, followed by a POU-and a HOX-binding site on the minus strand, followed by a cAMP-responsive element-binding protein (CREB)-binding site on the plus strand (Fig. 7) . The probability of obtaining 10 sequences containing this model when randomly drawing 12 sequences from a reference set of 5,000 human promoters is P ϭ 4.7 ϫ 10 Ϫ12 . Moreover, when analyzing a control set of genes with a related expression pattern, we find this model in only 18 of 65 (27%) promoters of genes that were inducible both by IFN-␥ and by Yersinia infection and whose expression patterns were at least as highly correlated as those of group C genes (a subgroup of group D in Fig. 6 ). We conclude that the occurrence of this transcription factor-binding site module in 10 of 12 promoters from a group of coexpressed genes is unlikely to occur by chance.
If transcriptional regulation occurs via these transcription factor-binding sites, one would expect corresponding transcription factors to be expressed in Yersinia-infected and IFN-␥ stimulated BMDM. In fact, the arrays detected constitutive mRNA expression of nine transcription factors of the CREB family (atf-1 through -5, creb-1, creb-2, crem, and nfil3) , one HOX transcription factor (chx-10), and one POU transcription factor (pou6f1) in all six RNA samples of IFN-␥-stimulated and Yersinia-infected BMDM. Thus IFN-␥ prestimulation followed by Yersinia infection could potentially activate cooperative transcriptional activation by expressed HOX, POU, and CREB transcription factors, and future studies will test this hypothesis.
The occurrence of CREB factors in an immune response signature could be expected, since phosphorylation of CREB protein has been described as being mediated by numerous stimuli, like rise in intracellular cAMP or calcium concentration, growth factor signaling, or integrins (37) . HOX and POU factors, in contrast, have not previously been associated with regulation of immune response genes. HOX genes are master regulators of developmental processes controlling the diversification of segments along the anteroposterior axis of animals (31) . HOX genes have also been implicated in the development of solid organs, like kidney or prostate, indicating that they have at least one additional function beyond regulating homeosis (31) . POU transcription factors also have important developmental functions, like inhibition or promotion of cell proliferation, determination of cell lineages, regulation of cell migration, survival, and terminal differentiation (3) . Interestingly, interactions between CREB, POU, and HOX factors have been described. For example, HOX and POU factors have been shown to regulate expression of the paired homeodomain transcription factor pax3 (44) , and the POU transcription factor Oct-1 potentiates CREB-driven expression of cyclin D1 (12) .
An earlier study (18) investigated transcriptional responses of BMDM to IFN-␥ and Myobacterium tuberculosis. The authors found that IFN-␥ suppresses slightly more genes than it induces, a result that we can confirm [312 genes suppressed by IFN-␥ (group A in Fig. 6 ), 301 genes induced by IFN-␥ (group F in Fig. 6 ), ratio of suppressed to induced ϭ 51:49]. These authors find substantial synergism between M. tuberculosis and IFN-␥, in that the number of genes regulated in response to a combination of both stimuli greatly exceeds the number of genes regulated by either stimulus alone. In contrast, we can only identify a very small number of synergistically regulated genes (group C in Fig. 6 ). While this may partly be due to differences in microarray data analysis strategies, it may well reflect differences in infection biology and lifestyle (intravs. extracellular persistence) between M. tuberculosis and Y. enterocolitica. In fact, several earlier studies demonstrated that transcriptional responses to infection are pathogen specific to a certain extent (14, 40) .
Impact of host genetic background on the transcriptional response to Y. enterocolitica infection. To determine the impact of the genetic background of the host on transcriptional responses to Y. enterocolitica infection, we directly compared Yersinia-elicited gene expression patterns of BALB/c and C57BL/6 BMDM. Figure 8 , top, shows a hierarchical cluster diagram of 1,050 genes detected as differentially expressed with an FDR cutoff of 0.25%. Genetic background had no effect on genes from group A (224 genes induced in both BALB/c and C57BL/6 BMDM after infection) or group D (576 genes suppressed in BMDM from both mouse strains). Groups C and E contain 89 and 109 genes, respectively, that were constitutively expressed in BMDM from either mouse strain but whose expression was unaffected by Yersinia infection. Group B (enlarged display at bottom of Fig. 8 ) contains 52 genes (4.9% of all genes from Fig. 8 ) that were induced specifically (group B1, 27 genes) or more strongly (group B2, 25 genes) in C57BL/6 BMDM in response to Yersinia infection compared with BALB/c BMDM. Interestingly, transcription of some of the genes from group B2 seemed pYV resistant in C57BL/6, but not in BALB/c, BMDM. Group B is highly enriched for defense response genes (P ϭ 3 ϫ 10
Ϫ3
) and cytokines (P ϭ 2 ϫ 10 Ϫ3 ). However, promoter analysis did not reveal a highly specific model of transcription factor-binding sites as in the group of IFN-␥-and Yersinia-induced genes.
Several genes in group B qualify as mediators of increased antimicrobial resistance of C57BL/6 BMDM compared with BALB/c BMDM. Notably, IL-12 is a prominent inducer of IFN-␥ in vivo, and it has been shown that administration of IL-12 is protective to BALB/c mice (10) . Slamf7 encodes a transmembrane protein involved in activation of natural killer (NK) cells (11) . Thus C57BL/6 mice may more profoundly activate NK cells than BALB/c BMDM, and an earlier IFN-␥ induction by NK cells has been demonstrated in C57BL/6 mice compared with BALB/c (8) . Ornithine decarboxylase (encoded by the odc1 gene), which is involved in polyamine biosynthesis and hence indirectly increases cell migration and proliferation, has been shown to participate in the control of Citrobacter rodentium colitis (23) . The role of polyamines in the control of Yersinia infection has, however, not been investigated to date. C57BL/6 BMDM also expressed higher levels of cell surface receptors [e.g., ccr3, the receptor for eotaxin, RANTES, MCP-2, MCP-3, and MCP-4 (28); ly78, a TLR-like protein regulating lipopolysaccharide (LPS) signaling in B cells (42) ] and signaling molecules [pim1; ripk4, which activates NF-B (39) and JNK (38) ; cdk5r1, which phosphorylates STAT3 and activates transcription of fos and jun (21) ] than BALB/c BMDM. This suggests that C57BL/6 BMDM may be prone to responding more strongly to Yersinia infection than BALB/c BMDM. Consistently, we did not identify any genes that were induced in BALB/c BMDM in response to Yersinia infections to higher levels than in C57BL/6 BMDM.
Taken together, these data clearly show that the genetic background of the host has an identifiable and biologically meaningful impact on the gene expression of macrophages in response to bacterial infection. Future molecular and immuno- logical studies will elucidate the impact of individual transcripts identified here on antimicrobial host responses.
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